UNCLASSIFIED

AD NUMBER

AD396974

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies only; Foreign Government
Information; 09 MAY 1966. Other requests
shall be referred to British Embassy, 3100
Massachusetts Avenue, NW, Washington, DC
20008.

AUTHORITY

DSTL, AVIA 18/3986, 15 Dec 2008; DSTL,
AVIA 18/3986, 15 Dec 2008

THIS PAGE IS UNCLASSIFIED




SECRET

w 39697¢) L

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION, ALEXANDRIA, VIRGINIA

SECRET



NOTICE: When govermment or other dravings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government theredby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govem-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wvise as in any mamner licensing the holder or any
other person or corporstion, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:
THIS DOCUMENT CONTAINS INFORMATTON
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE BSPIONAGE LAVS, TITLE 18,
U.8.C., SECTIONS 793 and T94. THE
TRARSMISSION OR THE REVELATION OF
TTS CORTENTS IN ARY MAIIER TO AN
UNAUTHORIZED PERSON IS PROHIEITED
BY LAV,



n

SN ET

-

No. AAEE/866/5 | ..

t
(=]
&
~
G
(o]
t
[
a,
P
1)
o

MINISTRY OF AVIATION

& AEROPLANE AND ARMAMENT
"B EXPERIMENTAL ESTABLISHMENT

K

m\mwm\m ..%to
~_

BOSCOMBE DOWN

—

SHACKLETON MK. 2 PHASE 3

NAVIGATION AND RADIO C,A. RELEASE TRIALS

- 4-

PRESENTED BY

» B.Sc.(Eng.)

NAVIGATION AND RADIO DIVISION

SQN. LDR. D. A. STONEHOUSE, R.C.A.F, AND FLT. LT. R. E. GRIFFITHS

TN LI ¥C . bd 3 :
2r0D 31315100 a3; . o Ta
G SirlL NI “J3Ntw i~

. ALSIIwr WIH A9 G3pes-
O JUYONVIS JWYS FpL
¥ISNN QAIGNYNO4YS 38 Q1AL e, NCHL Yy

SiHL 4O HOV3ug v 39 ¢
d 3Hi O1 3ISVYININ u) INIWNEIAGD
NSOIDSIA "LNIWNG:
N 1v121240 ¥O1 a3Is01I8:G ¢

(]
i

DR T
4

From AuTemMATIS
poo Dir M‘_.

ING §

MINISTRY OF AVIATION
e
u'v?qm A
ohp only, nd
voyueinend
WS power
dun antten
with M

u%-.

LONDON, W.C.2

hm.*mv"hm All porsons are

MINISTRY OF AVIATION,

2

SECRETARY,

of this dosument i an

fixeLODED

ve L 2WI1S du AW -,
NOLLYKIOIN! teH] Q3N

A4

WOISONX Q3, .

PYIEYY

v o ¥eon

A Jrel
il N INInNY32.0C
oiwvny SwoAfiNT 03

o LOCINS -

4

Data 30 %

e P 14

PErY AN
CARESTH DS AR E Te!
BNRE B RN FioT1

93 MNx

AAEE Form |,

NTALIANDD

UM AYAS

~OD AN TN
 NOHLYWUOINI Simy t

D o2y
. r

Zr. AW



1st Part of Report No.
9th May, 1966

EROP D _ARMAMENT EXPERI:i E SHi
BOSQOUBE _DOVN

.l_ @ ¢ e oot o o1 S | T =

As Stonehouw. Grifflthsm
@‘1 Mm1 @‘-/:a/ao

A. & A.E.E, Ref:- ANR 2J/05 T.I. No. 15,65 :
HeQes Ref:- DoReA.Fo(C) D.A. Nav. D,L.R.D.A.
Period of Trials:~ 14th September 1965 -~ 26th November 1965

@ﬁcl“.r for 14 55‘4[”'1(" Nov ¢5,

§Urlhﬂa Iy

C.A. Telease trials were carried out in Shackleton iik. 2 Phase 3 WG 556.
Trials flying totalled 32 hours 55 minutes in 12 sortlos‘:j

‘Ta.perate release is recommsnded’?or the use of the navigation and radio

ser Installations
remaining unchanged from the Phase 2wk, 2 Sh~ckleton are cleared by nnalogy to
that alrcraft. .

——
TR e
M e, T, i
- A 4 ~
coag A Lwied an~talas frdorwetion efTHTHILY, e S~
fae o e tenly : Mok w3 . . H .
s Sy T flnm atEdn Tas e :
. ~‘. Il ot 4 N ~ TR Ceaa l."l
Y LER AN 8 ey o L .
LS 43 . - 4

"‘h'n PROEW T SARVE B! B cy tna rg!q.nA' >3, fin 1v 3 ;: d‘,;.“,’“g :“
irmﬂcar tn—e‘n weaninoceial purasn 19 ;;xoh}.b ad by lewy!

This repoxrt is issued with the authority of

} S/
o1 +00) g

o e



SECRET
- 2 -

Liast of Contents

Page
1« Introduction 4
2. Previous Trials and Reports s N 4
3. Trials Effort R 5
4. Communication Equipments : ' 5
5. Navigation Equipments . 6
E 6. Tactical Equipments . .7
: " 7. Heading Reference System 10
& 8. Inter-equipment Compatibility 13
9.  Arrengement of Positions and Equipments o ‘ 13
10. Temperature Limitations ) W
11. Conclusions and Recommendations 14
List of Appendices
Appendix
had:lo Installations - I
Radio Compatibility ‘ ‘ II
'T.P.I. System Faults III
Magnetic Interference Survey v
Megnetic Survey No. 1 v
Magnetic Survey No. 2 VI
Summary of Compass Swings Vil
Corrector Unit Voltages VIII
t of trations
Pigure
Generel Arrengement of Aerials 1
V.H.F. Aerial Radiation Patterns 2-6
Forward Sonics Aerial Radiation Patterns 7-10
/Radio ...

SECRLT



SECRET
- 3=

List of Illustrations (Contd.)

RadiolAlfiﬁeter Height Indication Calibration

Radio Altimeter Sea to Land Czlibration
Radio Compass Ground Swincs

Radio Incompatibilities on Ground Trials

/le.

Fioure

11
12
13-14

15

Introduction ... -

&



-4 -
1. Introduction

Trials of the navigation and radio fit of the Mark 2 Phase 3
Shackleton were conducted at 4. & A.E.E. in the period from 414th September
1965 to 26th November 1965 under the authority of M.0.A.(H.Q.)D/R.A.F.(C).
These trials were undertaken in accordance with Navigation and Radio Test Instruce
tion NR 15/65 dated 9th April 1965 and were carried out on Shackleton WG 556
Investigations were conducted into the behaviour of the following equipment:

1.1 Communication

H.F. STR 18 B2 (ARI 5874)

Intercomm (ARI 18089) ' :
M.F./H.F. Receiver AD 118 (ARI 23126)
U.HF. ARC 52 (ARI 18124)

V.H.F. AD 160 (ARI 23117/2)

1.2 Navication

Radio Compass AD 712 (ARI 23084)
Gee Mk, 3 (ARI 5816)

I.L.S. (ARI 18011)

Tacan (ARI 18107)

Radio Altimeter lik. SA (ARI 18215)
Blue Silk (ARI 5885)

1.3 Iactical

ASV k. 21 (ARI 5878)

I1.F.F. ke 10 (S.I.F.) (ARI 5848)

Orange Harvest (ARI 18144)

Sarah (ARI 5876)

Twin Sonobuoy ik, 1C and Homer (ARIs 18209,18101,18157)
U.H.F. Homer, Violet Picture (ARI 18120)

Tactical Position Indicator

Autolycus k. 3A

1.4 Heading Beference Svstem

“G.ide 7 Gyro wiagnetic Compzss
P.12 Standby Compass

2. Previous Irials and Reports

2.1 The navigation and radio assessments of the earlier versions of the
Shackleton Mk. 2 were reported in the 8th, 32nd and 33rd Parts of AAEE/866/1. T...
Phase 3 modernisation of the Mark 3, which is essentially the same as that for the
mark 2 wis veportad in lst Part of AAEE/866/4.

2.2 An interim letter raport on the present trials was issued under
reference ANR 2J/05 dated 6th December 1965,

2.3 A further report recomuending the tropicol relezse limitations will
be issued later.

/3. [ XX
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3. Irxrials Experience and Results

3.1 Jrials Effort

Shackleton ik, 2 UG 556 was 2llocated to A. & A.E.E. for navigation and
radio temperate C,A. relense trials during the period from l4th September 1965
to 3rd December 1965, During this time both 2ir and ground investigations of
the behaviour of the equipment listed in para. 1 were carried out. The total
flying effort for the trial was 12 sorties consisting of 32 hours and 55
minutes flying time., The final sortie was flown on the 26th of Noverber 1965,

4, ommunication Equipments

4.1 H.F, SR 18 B2

‘The installation is unchanged from the Phase 2 fit and release is
recommended by analogy. The equipment was used frequently and successfully
throughout the period of the trials.

4,2 Em . S ! L

_ , . ) e
The intercommurication equipment is the same as in the ilark 3 Phase 3
alrcraft and release is recommended by analogy to the latter, Some break-
through is experienced from virious radio channels and from electrical sources
(see Appendix II) but none of this is serious. Noise levels on WG 556 were, in
fact, less than those experienced on the iark 3 tri-ls aircra fto

4,3 M,F,[H,g, Receiver AD 118

4,3.1 This installation is the same as in the mark 3 Phase 3 aircraft
and the one small criticism concerninc lack of internal illumination of the
frequency range changer still applies., Otherwise the installation is adequate.
The receiver can be connected to either thc trailing aerial or one of the fixed
aerials (see Appendix I concerning criticism of the trailing aerial).

4,3.2 li.Fe perforxmance was continuously tested during the flight
trials. Numerous frequencies were tried and ranges of 2 to 3 times the rated
range of various ground bexcons were achieved. H F. performance was similarly
testeds Loud and clecr signals were received at ranges up to 900 n.me
Occasionally identifizble signals were picked up at ronges of 1,800 nautical
miles (e.g. Nicosia from Northern Ireland), The interference from Blue Silk
referred to in Appendix II badly affected reception of weak signals,

4,3,3 C.A. release is recommended for the wi.F./H.F., receiver.
4,4 U C and E, Homex, Viole ctu
These equipments are unchanged from the Phase 2 fit and release is

recommended by analogy. The ARC 52 was in continuous use throughout the trial
and no abnommalities were observed,

/45 oo
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4.5 V,HaEa AD 160

The installation is physically adequate but the aerial radiation
patterns (see Figures 2 - 6 ) are outside the specification, RAE/XRSP 3247,
in that there isam 11 dB drop in signal strength over 10 degree sectors at 1350
degrees and 170 degrees relative. However range checks in this area of doubt
were carried out and near maximum possible line of sight ranges were achieved.
The EAw 35 amplifier in the 122 interconnecting box was adjusted so that its
output power was 200 m¥, This proved to be a satisfactory level as in the lark
3 Phase 3 trials. (See lst Part of Report AAEE/866/4 Appendix IV). C.A. release
is recomunended for the V.H.F. AD 160,

5. Navigation Equipments

5.1 gp_,_go Cmgu AD 112

5.1.1 The installation is the same as in the Mark 3 and the same
roservations are made about it., Firatly the restriction of air space around
the receiver M2 is suspected of being a contributory cause of overheating.
Secondly the navigator's control unit is poorly positioned (see para. 9.5).

5¢1.2 Ground swings of the radio compass were carried out agaeinst the
Droitwich (200 Ko/s.) and Brookmans Park (908 Ko/s.) beacons. The quadrantal
errar correction was found to be =2 degrees as in the Mark 3 trials. The
.results are shown in Figures 13 and 14, the Q.E.C. was set in.

5¢1¢3 C.A, release is recommended for the radio compass.

5.2 Gee Mk, 3

Gee 3 was used on all sorties during the trial, No difficulties were
experienced in receiving usable signals in the area of coverage and no excessive
. interference was encountered. C.A. release is recommended.

S¢3. lakals

The I.L.S. installation is unchonged from the Phase 2 aircraft and
CeA. Teleoase is recommended by analogy.

5.4 Loran (APN 9)

Checks were carried out on channels ILO, IL1, and IL6 in the area north
of Ireland, Usable signals were received on all three channels. Some inter-
ference arose from the SIR 18 and the A.S.V.2l but fixing acouracy was not
degraded. C.A. release is rocommendad.

5.5 Iacan

The Tacan installation is basically unchanged from the Phase 2 fit,
It was used frequently during the trizls period. Range and overhead perfor-
mance checks were carried out against a number of beacons., The range checks
showad that ne~r maximum line of sight ranges were possible, e.9. loss of lock
on Boscombe Down beacon at 10,000 feet at 118 nautical miles, Overhead
performance checks against Sennen and Boscombe Down beacons showed a circle
of uncertainty of 3 miles at 10,000 feet. C.A. release is recommended,

/5.6 (XY
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5.6 Radio Altimeter ik, SA .

The installation of the,transmitter/receiver and power unit is
adequate. The aerials are in the same position relative to the fuselage as in
the Mark 3 aircraft (see Figure 1) but the tail down attitude of the riark 2
introduces unsatisfactory features. This might be expascted in view of the
recommendation in Radio Install-tion siemorandum 115 thot the zerials should be
placed as high as possible on the zircraft. Spurious readings occur on the
instrument whilst on the ground and for the first few feet after take-off.
Therefore it is recommended that the radio =2ltimeter readings are not used below
50 feet =nd that the zero control on the indicator be set to 7 feet regardless
of the readings observed on the ground whilst the equipmenti is switched on.

5.6.1 Calibration

The nccuracy of the equipmuent was ascertained by calibration
runs against the kinetheodolites at R.A.E. Aberporth and by sea~-to-land runs
near Burnham-on-Sea. The results of the Aberporth trials in the height bracket
100-5,000 feet ~re shown in Figure 11 and the se~-to-land results are in Figure
12, From the results the overall nccuracy over land and sea is within the limits
+ 3% of height + 5 feet,

5¢ 602 a) Leak

The zerial cross-coupling attenuation was measured by simulating
a2 leakage signal from the transmit zerial through 2 piston attenuaxtor to the
receive aerial, The attenuation was found to be 70. 7 dB which is satisfactory.
The altimeter indication held off at 5,000 ft. plus at altitudes above 10,000
ft.; also after being switched off and on 2gain the altimeter re-locked at over
7,000 faeet, Both these results indicate 2 low leakage level,

5.6.3 Release

C.A. relense is recommended for the ikk. 5A radio altimeter.
within the accur~cy limitations of + 3% of height + 5 feet and on the condition
that reliance is not placed on the equipment rebdings below 50 feet.

5.7 Blue Silk

The Blue Silk functioned normally throughout the trials. Some
unserviceabilities occurred but no problems were encountered in obtaining useful
doppler information after routine servicing. C..\. release is recommended by
analogy to ths Phase 2 installation.

6. Taotical nts
6.1 ASV 21

This equipment is unxltered by the Phnse 3 modernisation so releas~ is
recomnended by anilogy to the Phase 2 -~ircraft. The ASV 21 was used
fraquently and behaved nomm:lly.

602 LeEaEa ke JO (So1oF.)

The I.F.F. installation is essentinlly the same s in the Phase 2 fit,
The nerial cable lengths ~re greater than the preferred 30 ft. but the equipment
worked,.nomally. Releasc is recommended by ~nalogy. y
6.3 L X N J
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6.3 Qrange Harvest

The installation of the Orange Harvest is physically similar to that on
the Phase 2 aircraft and is adequate, Performance is unsatisfoctory because its
operational efficiency is impaired by the equipment's incompatibility with other
radio equipments on the aircraft (sce Appendix II). C.A. release can only Le
recommended on the understanding that Orange Harvest will only perform at its
best under conditions of radio silence. -

6.4 Sagah

C.A. rclease is recommended by z2nzlogy to the Phase 2 fit. It is
noted that this obsolescent equipment is now to be removad,

6.5 _Iﬁin Sonobuoy iik, 1C with Homer
6.5.1 Installation

The installation of the Twin Sonobuoy 1C system is adequate
including the new forward aerial, The radiation patterns of this aerial (Figures
7 - 10) indicate that its performance matches thai of the existing aerial, It
does not conform to Specification RAE/XRSP 338l in that there are excursions in
the pattern greater than 2 dB from the head on 2spect, but acceptance of this is
recommended in view of the practical results obtained. The Sonobuoy Homer and
Homer/Violet Picture Switching Installations are analogous to the Phase 2 fit; the

. aerial installations continue to be unsatisfactory as exemplified by the failure

of both aerials under moderazts icing conditions in flight,

6.5.2 Perfommance

Flight trials were carried out against the Stage II trainer

.at ReA.F. Bzllykelly with the assistance of the Air Sea VWarfare Dévelopment Unit.

Runs were made against patterns of active and passive buoys as shown in the table
below. Equally good signals on both equipments were received at ranges over

20 nautical miles at an altitude of 1,000 feet., There was no loss of infor-
mation attributable to the airborne installation except for 2 routine fault in
the Doppler unit of the master Indicator.

Run| Channel Monitor Chznnel +ionitor a2nnel rnonitor

Master e Second.
1 | 2 Active or 11 Passive .l 16 Active or
Second By both when 1 haster
active
2 114 Active | wmaster |11 Passive :fzz: out off 16 Active Second
3 |14 Active Second {11 Passive 16 Active Master .
Liaster 'A? : : :
4 | 6 Passive and 7 Passive [Second 'B! 9 Passive| kiaster 'B! .
.Second ‘At :
SECR ’ /6.5.3 seete
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6.5.3 Release

C.A. release is recommendacd for the sonics system except for the
homer aerials, but it is recommnended that further investigntions be made into
the susceptibility of the saonics receivers to H.F. harmonic interference (sce
Appendix II)., The homer aerial fault is well known and must be rectified without
del aYe

6.6 Tactical Position Indicator

6.6.1  some difficulty was experienced with both the installation and
operation of this equipment. The instzllation problems nre listed in Appendix
II1 and are primarily due to either insufficient or inconsistent information in
the various wiring diagrams, These difficulties were overcome by A, & A.E.E,
after consultations with representatives of Bell Punch Ltd, and Hawker Siddeley
Aviation Ltd, As 2 result of these consultations, amended drawings are being
prepared and the problems should not recur with later production aircraft,

6.6.2 Two problems with the system's operation were encountered
during C.A. release trials at Boscombe Down and a third problem was reported by
A.S.W,D.U, personnel during a3 visit to R.A.F. Ballykelly, The difficulty
encountered by A.S.W.D.U. occurs after turns or manoeuvres. when the operation of
the unstore motors causes a noticeable position shift in the G.P.I. ik, 1C.

This difficulty is the subject of a separate report being prepared by A.S.i.D.U.
and is inherent in the prcsent design of the T.P.I., system, Its effect on
tactical operations can be minimised by operation of the system in the -2ir dota
plus remembered wind mode and its occurrence does not affect C.A. release
recommendations for the Shackleton ik, 2 Phase 3, Operational experience may
however, indicate that some later modification of the system is required.

6.6¢3 Of the two operating faults encountered at Boscombe Down, the
first is a purely mechanical fitting problen a2nd should be easily rectifiad. .
It consists of intemmittent loss of heading drive to the G.P.Il. iiks 4C especially
during turns and manoeuvres., This is caused by poor connections between the
G.P.I. ke 4C and the plug and jacking plate, 2nd is a result of the method
employed to secure the G,P.I, iiks 4C in its mount., This consists of 2 locking
device which holds the bottom of the G.P.I. ik. 4C firmmly against the bottom of
the plug and jacking plate. The electrical connections bectween the two are,
however, situated at the top of the plug and jacking plate and, during occasions
of aerodynhamic stress on the ~ircraft, sufficient separation to cause loss of
contact occurs, The simplest solution to the problem is to provide some form
of auxiliary 'C' type clamp which would lock the top of the G.P.I. Mk. 4C to
the top of the plug and jacking pl-~te although any device which ensured con-
tinuous and positive contact would be acceptable. This problem was also encoun-
tered with the Mk, 3 Ph-se 3 aircraft, but since the plug and jacking plate
installed in the T.I. aircraft (WR ¢74) for that trial was of pre-production
standard, the installation was recommended for clearance with the understanding
that the fault would not be repeated on production items. It is recomrended
that, as an interim .ensure, the equipment should be relecased for usc but that
the operators should be warned of the possibility of heading loss in turns,
For 2 final release of this equipmunt it is considered essential th-t design
changes to 21llow more positive locking of the G.P.I. Mk, 4C to its plug ~nd
Jacking plate be introduced,

/606010- e
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6.6.4 The second problem encountered at Boscombe Down during the
CsA. release trials of this equipment is the tendency of the wind unit
indicator needles to run off to full scale deflection when "fast ncedle"”
is selected. This tendency was dependent on the quality of the Blue Silk
inputs, being most pronounced during periods of weak 2nd noisy doppler
responses, Some "trade-off" between rapid response of the needle and
stability of reading is no doubt essential in the design of the damping -
circuits for this unit, but since the operational role of the aircraft involves
2lmost continuous flight over open water where doppler responses are
notoriously weck and noisy, a slower response, more consistent with the
quality of doppler imputs likely to be encountered, would be an operational
advantage., No difficulty was encountered in the "slow needle" position and
C.A. release recommendation for the Shackleton k. 2 Phase 3 is not affected
by the difficulties encountered in the "fast ncadle" position. Some adjustment
of the demping circuits may, however, be required to meet the needs of operational
users of the equipment, ‘

6.6.5 Tactical evaluation of the T.P.l. did not form part of the
CeA. release trials of Shackleton WG 556, but some indication of ‘the accuracy
to be expected during en-route navigation was obtained by the amount of re-
~ setting required to update the position computed by the G.P.I. k. 4C.  This"
averaged between 3 and 4 iailes an hour during some 15 hours flown with the
T.PsI. fitted:

6.7 Autolvcus iik, 3A

Autolycus traces were obtained during the airborne compass swings. No
difficulties were experienced in setting up the equipment ond strong signals
were observed downwind of built up areas,

7. H ng Reference System coe

7.1 Experience with the Shackleton ::k, 3 Phase 3 indicated a number of
anomalies in the twin G.M.7 compass installation and, 2s a result, an extensive
check of the installation in Shackleton ik. 2 Phase 3 WG 556 was carried out
during the C.A. release trials. This investigation revealed that the problems
encountered with the ik, 3 - divergence between the two systems in the 2ir,
magnetically unclean wing structures, galley interference and minor instability
in the coefficients measured during compass swings - were also present in the
ik, 2 installation,

7+2 Divergence between the two compass systems in the air on WG 556
amounted to 1.36° + 0.05°, This value is very close to that found on
Shackleton kike 3 Phase 3 WR 974 (1.4°) and suggests thot the behaviour of the
system in the sk, 2 is very similar to that in the .k, 3. If further
investigation reveals that 2 similar divergence is common to 21l Shackleton
aircraft the problem can be zlleviated by either offsetting the A coefficients
by 0.7® during compass swings, or by setting 2 false value of variation in the
air, Either action will ensure that the compnsses read correctly in the air,
but because offsetting the A cocfficients hos only to be done during ground
coampass swings and requires no adjustients in the alr, it is less subject to
operator error and is, therefore, to be preferred,

/T3 oee
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7.3 The second problem, that of magnetically unclean wing structures can
only finally be resolved by providing sufficient separation between the
detector unit positions and portions of the wing structurs made from ferrous
materials to yield detector positions that will remnin within Av. P, 970 limits
regardless of inadvertent magnetisation of wing components. It is recognised,
however, that such 2 solution might be impracticable for structural reasons
and that the more temporary cxpedient of degaussing the wing structure in the
vicinity of the detector units may have to be adopted. It should be emphasised,
however, that if the temporary solution of degaussing is acccepted, the comp:ss
swinging intervals specified in D.C.I. 889/65 and D.C.I 832/65 should be
adhered to closcly and special care should be taken in checking the system after
flying through conditions of high eclectrical activity. If these precautions

are taken, no excessive operationcl problems are likely to arise from this
source,

7.4 G2lley interference problems in Shackleton ik 2 WG 556 did not appear
to be quite as severe as those found in Shackleton ik. 3 WR 974, The amount
of interference experienced with all galley sorvicos on and the rapid boiling
urn in operation did, however, amount to 0.3° (Appendix IV) a value which is
slightly outside the limits specified in Av, P. 970, If double pole wiring
such 2s that installed in WR $74 during the post Phase 3 electromagnetic
studies reported by H.S.A. in their technical memo ARD/R/696/0101 is provided
for Mk. 2 aircraft, the galley effect on the G.i.. 7 should be reduced to on
insignificant amount,

7¢5 The fourth problem - that of unstable magnetic coefficients was the
subject of an extensive investigation. This consisted of two detector position
surveys carried out by Adniralty Compass Observatory (A.C.0.), 2ight ground
compass swings and two airborne compass swings. On the first of the detector
position surveys (Appendix V), a number of ferrous nuts and bolts were found in
the vicinity of the detector pesition, Because these caused the positions to be
well outside the limits specifiad by Av. P, 970, they were replaced by items of
a non-ferrous nature before the second detector position survey. In this survey,
(Appendix VI), the positions were still marcinally outside Av, P. 970 limits
but since no specific source of the difficulty could be traced, it was decided
to proceced with the system investigation and to leave further position survey
work until a more thorough investigation of Shackleton wing structures could
be carried out by A.C.O, After thc second detector position survey, the detector
units were replaced and a nomal ground compnss swing carried out. An airborne
compass swing and other trials work were then carried out with no alteration
being made to the remote corrector voltage settincs. Onz month later, after
the completion of the remainder of the trials work, a series of six ground compass
swings under various conditions and a second airborne compass swing were carricd
out, again with no alterations bein- made to the remote corrector voltages.

7.6 The results of 21l magnetic compass swings on Shacklaton ik. 2 Phase 3
WG 556 arc sum.arised in Appendix VII, These show, for the suven ground swincs
which were carried out with no altorations to the remote corrector unit voltages,
a 1ovariation of 0.16° in the B and C cocfficiunts and a lovariation of
0.09% in the D and E coefficisnts. The statisticzl differcnce betwoon these

values amounts to-/0.162 -Oibsiué 0.13° (lg) and indicates that 2 cyclic error
of this quantity affects the mersuremont of compass deviction in the Shackleton
G.lie 7 installation, There are two likely sources of 2 one cycle error in the

//G.i"i. 7 LA X J
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Golis 7 system - variations in remote corrector unit voltage and transmission
systom errors. Regular measurcments of detector unit voltages (Appendix VIII)
were made throughout the swings and although these showed some slight fluctuation,
their amplitude was so small as to be the possible rosult of parallax in reading
the voltmeter and in any event was far too small to account for the variations

in coefficients encountered, It thercfore appears most prokable thot most, if
not c1l, of the variation in coefficients can be accounted for by a one cycle
transmission system error., Since the transmission system of thc Gaiie 7 includes
synchro components rated (lo) at 0.11° this result is quitc compatible with the
maximum accuracy that can be cxpected from the system and should cause no
misgivings when encountercd. The effect of this variation plus nommal reading
errors is to produce a probable error of 0.,17° in any individual compass reading,
a2 value that is considerably smaller than the likely error in the charted

values of magnetic variation and which, as a2 result, will have an insignificant
effect in the overall navigation system error,

The investigation also revecled that tapping the detector unit during a
swing will decrease the probable errors calculated during a Fouricr reduction
of the heading data. However, tapping will not affect the closencss of the
coefficients determined on a particular swing to the mean of those found on 2
series of swings and is thereforc not recommended.

7.7 As a result of the trials work described above C.A. release of the
G.M. 7 compass installation in the Shackleton uik. 2 Phase 3 is recomended
subject to user units being made aware that:-

(a) A discrepancy of about +0,7° in the number one system and -0,7°
in the number two system occurs between the A coefficients found
during ground compass swings and those that will be encountered in
the air,

(b) Until modification of the 2ircraft's electrical system to
provide double pole wiring to the galley is ~ccomplished, deviztions
of about 0.,3° may occur during operation of the rapid boiling urn,

(¢) Aircraft magnetic coefficients outside Ave. P. 970 limits are
possible because of ferrous materials in the wing structure. For
this reason, the compass swinging intervals specified in D,C.I. S89/65
and D.C.I. S32/65 should be adhored to closely.

(d) Coefficients measured during compass swings can show 2 1 ¢
variation of about 0.13°. This is mainly the result of transmission
system errors and is quitc normal, :

7.8 P,l2 Standby Compags

A magnetic survey and interferencc check was carricd out on WG 556 -t
Lznoar prior to its delivery to A. & A.E.E. (Appendix IV). This showad that
the P.12 compass position was within Av, P, 970 limits, but thot changes of
deviation outside these limits occurred when large eluctricol loads were imposed
on the alrcraft system. This is similar to the situation that oxisted with
WR 974 tho Mke 3 T.I. nircraft prior to tho re-wiring reported in H.S.A.
technical memo ARD/R/696/0101. Beccuse this re-wiring reduced the deviation
changes on WR 974 to acceptable values, re-wiring of WG 556 and subscquont
rike 2 aircraft to the standard of WR 974 is recommended,

/8¢ oo
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8. ent atibilit

8.1 There arc a number of incompatibilities between cquipménts, Those
found on the ground trials ara summarised in Figure 15. Those rem-~ining during
the airborne compatibility tests cre detailed in Appendix II. The ASV 21,

Blue Silk, Radio Altimeter 5, STR 18B and I.F.F. 10 were free of interference..
The Gee 3, I.L.S., Loran, Radio Compass and Tacan werc only subjected to slight
interferenco from other equipments.

8.2 Heavy interferencc is coused by Blue Silk in the i4.F./M.F. receiver
AD 118. The sonics receivers arc particularly susceptible to H.F. interference
and the Orange Harvest is highly prone to interference from Bluc 'Silk, V.H.F.
AD 160, Tacan and ASV 21, Investigation is recommended into the interfering
propertics of Blue Silk and into the susceptibility of Orange Harvest and the
Sonics system to interfercnce, The latter is particularly importent in view of
the future use of the Sonobuoy kik. 1C systems in the HS 801 containing a high
power H.F, transmitter,

8.3 Considerable but predictable interference was observed under certain
conditions on Sarah, U.H.F. and V.H.F.

9. Arrangement of Positions and Equipment

9.1 ada aratorxr

The radar operator's position is adequate.

9.2 3Sonics

The 'sonics operator's positions are adequatc.

9.3 Radio Operator

A bonded cover is required for the exposcd portion of the trailing
aerial (see Appendix I). The remainder of the position is very crampod but
adequ~rte for the purposc. '

9.4 Reoutine/Attack Naviagator

Because there is consider-ble diffigulty in reaching the compasses,
Tacan and Blue Silk equipments from th. Routine/Attack navigator pesition,
routino navigation is only just possibtl. from this position. Soaz of. the
switchus on tho Arament Selection Panel ar¢ boyond the reach of anyone stropped
to the so2t and can be comfortably re~choed only from a semi-stnnding position,

9.5 Iactical Navigator

No indication is provided to warn the operator when tha compagses axe
operzting in the D.G. moda, Since, in the event of n D.C. powar fallure, this
can occur regardlcss of the positign of the controls some such indication is
required, In. naddition the frequency sclector dinl of the radio compass can
only be read from a semi-standing crouched position. Apart from thesc
difficulties the position is aduquatc,

/946 o0
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9.6 Qptical Plotting Table

This installation is identical to that in the ik, 3 Phase 3 ~ircraft,
Apart from a functicnal chock out by A.S.W.D.U. personnel, no further
evaluation work was c=rried out during the fk., 2 Phasc 3 trial. During the
sonics ¢valuation at Ballykelly it was found that the riaster/Sccond projuctor
switch was easily knocked over; it is recommended that a guard is placed to the
right of the switch to prevent this.

9.7 Pilot's Compass iiode Indication

No indication is given on the pilot's compass repeaters thot the
compasses are function in D.G. nodc,

The radio equipment layout in this shelf is includud in Appendix I,
The positions of the G.iie 7 amplifier and P.S.U. racks are such that the
components in the front rack control the mester indicator 2t the rear and
vice-versa, Unless these positions nre clearly lzbellied with the numbers of
the systems to which they refer, this arrangement c¢nn load to consider-ble
confusion during compass swings.

10. Jemporature Limit-tions

Limited temperature measuremcent work was carricd out on WG 556. Full
trials are being carried out on WL 737 at Hawker Siddeley Aviation. Until,
these results are avoilable 2 recommendation for on upper tumperature limitation
cannot be made. The indications are that the ~ircraft environment is very similar
to the mark 3 Phase 3 which was recommendud for release up to 42°C Quiside Air
Temperaturc. Therefore the relenses referrad to in this report ~re for temporato
conditions only.
Cw R

1. Conclugions and Recomnendztions

11.1 Temperate C.A. release is recommended for all the equipments listed
in paragraph 1, subject to the criticisms and limitations contained in paragraphs
5,6 Radio Altimoter k. 5A; 6.3 Orange Horvest: 6.5 Twin Sonics System;
6.6 Tactical Position Indicator; 7. G.iie 7 Compass and 8.2 Incompatibilities,

1142 The following recommendations should be implemented in the interest of
afficiency and safcty,

(a) The c¢xposed part of the trailing nerial in the radio
operator's position should be covured (para. 9,3 and

Appendix I). - Bssential

(b) Indic~tions should bce provided to show whun comp-rsses

are in DeG. mode (par>s 9¢b and 9.7). . - Basential
/(C) X
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(¢) k. 2 Shackleton aircraft should be re-wired to the standard
outlined in H.S.A. Technical riemo ARD/R/696/0101 égg:ﬁ%iZiS)

(d) Accessibility of Armament Selection Switches should be
improved (para. 9.4). - Highly Desirable

(e) The visibility of the frequency selector dial on the AD 712
Controller between the navigation stations should be improved
(para. 9.5). - Desirable

"(f) The iiaster/Second projector switch should be gunrded
(paras 9.6). ~ Desirable

11.3 Investigations into the¢ following are recommended:

(a) The susceptibility of Sonobuoy lik. 1C receivers to H.F,
interference (parae. 6.5,3 and 8.2).

(b) The susceptibility of Orange Harvest to interference,

Circulation List

External

D.(R.A.F.)C. 1 Copy

D.A. Nav. 1 Copy

D.L.R.D.A, 1 Copy

A.D.(R.A.F.)C. 2 Copies (for inr)ormation of

D.P.O.

A.D.(Nav.)1 2 Copies (1 for Action)

Nav. 1(a) 1 Copy

A.L.10 2 Copies (1 for Action)
R.D.T.3 1 Copy
T.I.L. 50 Copies

R.A.E. Farnborough 6 Copies

R.AE. Bedford 2 Copies
Admiralty Compass Observatory 1 Copy

R.T.0. H.S.A. Ltd. ,Avro Whitworth Divn. 2 Copies
R.A.F. College of Air Warfare
(Specialist Navigation Course) 1 Copy
Alr Sea Warfare Development Unit 1 Copy
Internal

Chief Superintendent 1 Copy
Author 1 Copy z,
Supt. of N. & R. 4 Coples &
Science Library 2 Copies '
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Appendix I

nstall 1)

l. Figure 1 shows the layout of the aeria2ls of the¢ Phase 3 aircraft. The
layout of cquipment in the main crew compartment is virtuzlly identical to
the wviark 3 Phase 3 aircraft and photographs of the crew positions can be
seen in the lst Part of Report No. AAEE/866/4.

2. The positions of the main units of the radio equipments are as follows:
e n ate

ARC 52 Transmitter/Receiver TR 5

Tacan Transmitter/Receiver RT 220C/ARN 21,
Tacan Coupling Unit T 9546

Violet Picture AF Unit T 9635

Violet Picture RF Unit T 11037

ignalle tation
HeFe/MJF. Recciver AU 1ls

\'/ ! St: n

Intercomm Amplifiers

Radio Compass AD 712 Receiver 2
Loran Receiver/Indicator R 65/APN 9
Gee 3 Indicator T 26

Magter Sonjcs Station

Indicating Unit CRT T 13232
Sarah TR 8088

Secondary Sonics Station

Indicating Unit CRT T 13232
I.F,F. 10 TR 4585
Orange Harvest Indicator CRT T 16613

ion

I.F.F. 10 (5.1.F.) Coder 6466
A.S.V.21 Indicator CRT 4623

Main Eguipment Sholf (reading from former B to former 15)

I.L.S. Glidepnth R1565

I.L.S« Localiser R1964

V.H.F. Transmitter 6400

VOH.F. Receiver 6401

Gee 3, Wavefona Generator T72
Gec 3 Rocelver R,3673

I.L.S. Voltage Regulator T.60

STR 18, Power and Rodio Unit 4192
STR 18, Voltage Regulator

/STR 18 +..
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Main Equipmont Shelf (recading from fommer B to former 15) (Contd,)

SIR 18. Transmitter Unit 4188
SIR 18, Control Unit 4243

STR 18. Aerial Tuning Unit 7180
Sonobuoy Power Unit. 13378
Sonobuoy Power Unit, 13378
Sonobuoy Receiver 'A' 13031
Sonobuoy Receiver 'B' 12031
Sonobuoy Amplifier 11144
Sonobuoy Filter Unit 13402
Sonobuoy Homer Comparator 7968
Sonobuoy Filter Unit. 13402
Sonobuoy Receiver *A', 13031
Sonobuoy Amplifier 11144
Sonobuoy Filtoer Unit 13402
Sonobuoy Receiver 'B' 13031
Orange Harvest idixer Unit 9098/9
Orange Harvest Oscillator 9100/1/2 S e
Orange Harvest Amplifior 13049
Orange Harvest Amplifier 7450

nd nk

Orange Harvest Receiver R9982

Orange Harvest Power Unit T9986
Orange Harvest Power Unit T7495
Orange Harvaest Power Unit T7824
Orange Harvest Power Unit T7496

Rear Compartment

ASV 21 Waveform Generator 4621
ASV 21 Power Unit 4624

Scanner Well,

ASV 21 Transmitter/Ruceiver 4626
ASV 21 Scanner 4627
ASV 21 iiodulator 4625

1ail Compartment

Blue Silk Tracking Unit (Amp) 4356

Blue Silk Tracking Unit (Discriminator) 4357
Blue Silk Power Unit 43%8

Radio Altimetar sk, 5A TR 1576A

Radio Altimeter Powor Unit 814

3. Cogments on Installations

The above montioned aerial and equipmont installations are adequate
oxcapt for the trailing acrial at the Signaller's Station., Thoro is 12 - 18
inches of exposed aerial cable in 2 position whore it could easlly be touched
by the oparator. Bacause of the danger of 'static' shock and possibly lightning
strikes, this is a flight safety hazard and it is considered cssential that
~ bonded cover be fittud over the exposed part of the aerial cable, It hes
also besn found that the aexlal wire sliss off th. oulley eesily,

SEGREL
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Radio Compatibility
1. Introductjon )

sutual interference checks were carried out on WG 556, jointly by
Hawkor Siddeley Aviation and A. & A.E.E. at Langer, Both ground and in-flight
tests were involved, Figurce 1% summariscs the interfercnces expericenced on
the ground. The tests on the radio equipment were made on calculated and random
frequency combinations, :

2 n srence-free Equipments

The following were clear of interfercnce from other equipments in the
aircraft.

ASV 21

Blue Silk :

Radio Altimeter ke 5 (nik, 5a not fitted until
A. & A.E.E, trials)

STt 18B

I.F.F. 10

3. Equipments with Slight Interference
3.1 Gee 3

Transmissions from STR 18B and ASV 21 (not in-flight) caused slight
interference but signal information wes not degraded.

3.2 L.L.S.

Slight localiser interforence was expericnced on 2 few frequency
combinations under no I,L.S. signal conditions. Coummon channel interferance
occurrud between the U,H.F. and the glidepath reccivor on 327 to 336 iic/se
No intuerforence was noted when the I.L.S. was locked on to ground signals during
landing approaches,

3.3 an

Thore was some increase in recuiver noise when ASV 21 was transmitting
and also a very slight amount from thc H.F, o

3.4 Radio Compass AD 712

The audio was affected slightly by STR 18B on certrin frequency
combinations but there was no deterioration in A.D.F. performance,

3.5 Iacan

Audio interference ~rose from H.F. 'nd U.H.F. but bexring and
distance information was not degraded,

[Be eee
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4, ' grable g
4.1 MFs M Fe Recoivur AU 118

Heavy interference from Bluc Silk was experionced at approximately
25 Ke/s. intcrvals throughout the bands of the recciver. Also some arose
from ASV 21 and slight omounts came from certain V.,H.F. frequencics and
from I.F.F. 10,

4.2 Orange Harvoust

Heavy audio and visu2l interforenc. was caoused by Blue Silk on
Narrow band and sometimes on wide band. V.H.F. tronsmissions caused short
traces to appear in the Narrow band function, Tacnn caused untunsbkle audio
and visunl interference and ASV 21 causcd considerable audio and some visual
interference on both Narrow and Wide bands,

4,3 Twin Sonobuoy iiks 1C

The two uquipmants were much the same in their suscoptibility to
interferencec, H.F. transmissions on certein frequency combinations caused
quite heavy audio and visual interferonce., It has been shown that this is
caused by direct aerial to aerial coupling of H.F. hamionics, Slight inter-
ference from U.H.,F, (mainly upper nerizl) occurs on certain frequency coin-
binations. o *

4,4 Sarah

As expected UH,F, transmission on and near the distress frequency
caused considerable interference, Couplote blotting occurs between 235 and
245 Mc/s. and traces of up to 4 inch occur between 225 and 265.5 ..¢/s.
Similorly, because of its sccond hammonic, V.H.F. transmissions botween 118 and
127 uic/s. cause varying degrees of intorference.

4,5 UgH,F. ARC 52

Heavy interfcrence, uspuecially on the upper U.H.F. acrizl, occurs
duc second and third h~monics of V,H.F. transmissions. Slight interference
was experienced from Blue Silk on 250 iic/s.

4.6 VH.E, AD 160

H.F. transmissions on certain frequency combinations couse modorate
interference. Therc wns some interferenco from U.H.F. which was morea
pronounced when the latter wns keyed with the tone switch,

é
@

4.7 lntgrcomm
Slight breakthrough w~s experiuenced from the V.HoFey AD 118, U.H.F.
and from No. 8 invorter. No. 4 invorter gave rise to = very slight whina. ‘

Numbers 8, 6 and 7 inverters caused considerable interference especi~lly
when thg ASV 21 was on lo~d but this was cured by re-routing of cables.
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System Frults Found on Completion of Component
Fit 2t A, & A.E.E,

l. Reversed heading sense on G.P.I, ..ke 1C with Wind Unit in A.P.I. modc
of operation,

To correct this, connections to torminals 8 and 9 idented SKG2K, SK.2id
respectively, on T.B.823 A.D.R.I.S. Junction Box were interch-anged.

2. No E/W information on G.P.I. kik. 1C or G.P.l. k. 1B with Wind Unit in
GOP.IQ mode cnd G.poIo Junction BOX selected to AoRoIo 5885. The GopaIl

Mke 4C E/W transmitter Prushes were found to be burned out. Coincident with
this the G.P.I. Junction Box E/./ repeater motor was jamming.

GoPeI. Mk, 4C E/W transmitter rcplaced and o now G.P.I. Junction Box
fitted,

3. ¥ind Unit N.S. countcr resest and wind set knobs jomming., Instrument face
found to be distorted. Rectificd by Bell Punch Ltd,

4, With the foregoing faults rectified, the G.P.I. sk, 1C still appearcd
to function incorrectly on E/W and N/S with ¥ind Unit selected to G.P.I. mode
and G.P.l. Junction Box switched to A.,R.I. 5885 but this was resolved by

A. & A.E.E. and Bell Punch Ltd., and the system functioned s~tisfactorily.

Summsry

Some difficulty was experienced in frult diagnosis on the system duc to
misleading information contained in A.P.1275B S¢c. 16A regarding data outputs
of the G4P.I. 1B ond that H.S.A, c¢rawing V,12310 implies pin to pin looming.
Distortion of the Wind Unit face ~nd frequent loss of G.P.I. iik. 4C output
information con be attributed to the generally unsatisfactory method of
securing these units in their respective mountings ~nd in the case of the
GeP.I. Mks 4C to the electrical conncctions,

18 Installed on Arrival Items Installed by A, & A.E.E,
G.P.I, ke 1C ' Wind Unit ik, 1
GePoI, ke 1B G.P.I. iike 4C
G.P.I. iike 4C Amplifier Surface movement Corrcctor
A.P.I.
AdiilU.

Wind Unit Amplificr

5; e
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1. A magnetic survey of a Phasc 3 modificd Shackleton nark 2 No. WG 556
was carried out at Langar on the 1lst and 2nd September 1965, ,

2. As the calibrated survey compasses were not available, the corrector
voltages of the G.iM. 7 compass systems were zoroed using a Precise Heading
Test Set (P.H.T.S.) ond the P.l12 corracctor box was recmoved., A 12-point swing
was carried out using o Witts Dntum compass as 2 refurences The following
coefficients werc obscrved:-

iiain Compass Systom -

Port Compass System Starboard Compass Systun
B "0.58 C +0.12 B -0031 C -1000
D -0.16 E 10,23 D 10,02 E +0.,07
Standaxd Deviation B-E + 0.04 Standaxd Devi~tion B-E 40,14

These coefficients are within Av, P, ¢70 limits; howavor since they include system
coefficionts, it will be neccessary to repeat the swing ~t Boscombe Down using
calibrated survey compasses at the detector unit position, ‘

P Comp2 0 ion

B +0.17 C +0.54
D +0.23 . E ~0.01. - -
Standard Devination 10,21 .

These coefficients are within Ave, P, 970 liuits, ¥

3. Compass interference checks were carried out on 4 hendings 45 dugrees
apart on external supply and with the ungines running. The following services ¥
ware operated singly and in combin~tions during this chucks-

Inverters, g~lley equipment, Tocnan, AeDeFey HeFel, HeFe2, UHsF., V.H.F.,
Crange Harvest, Loran, Goe, Blue Silk, I.F.F., Sar:h, Sonics, I.L.S.,
Radio Altimeter, A.S.Ve2l, external lights, nutolycus, pitot heads,
intercomm, boosters, de-icing, cencrators, intcurnal lights, radio
cooling fan and c¢bin henter pumps.

4, Changes of deviation outsid: Av, P, 970 1li .its wer. observed on the main
compass systems on operation of the following services:-

(2) Up to 0.3 dugrees on o northorly hexding from operation of
the galley, mainly due to the¢ water huater,

(b) Up to 0.5 degrees when the t-xy lamps were initislly switched on.
A change of deviation of up to 0.2 degrees wos observed on the starkoard systum
when the landing lamp was switched on,

/5 oo
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5, Changes of deviation outside Av.P.970 limits were observed on the P,12
compass on operation of the following services:-

galley, maximum D,C. load, engines running with generators on line.

The observed changes in degrees were:-

External Suppl

Service On N (356) NE (047) E (091)  SE (133)
Galley -6 +5 +12 +11

Maximum D.C. load
without galley -5 +2 +10 + 8

The effect of a maximum D.C. load plus galley could not be detemined, as the ground
power unit tended to cut out when the maximum load was selected.

~ Encines Running
Service N (000) NE (044  E (089) SE (135)
(a) All engines running O -3 -7 -5

and generators on line

(b) a + selected in-

flight load without +4 -4 -15 -17
galley
(c) b + galley +3 -7 -18 -18

No significant differences were observed when various generators were taken
off line with and without a load selected,

6., It is recommended that action be taken to:-
(a) modify the galley wiring to reduce the compass interference on
the imain compass system. This modification should also improve
the P,12 compass position,

(b) Investigate and reduce if possible the large changes of deviation
obsexrved on the P.12 compesse

/1o ees
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7. It is considered that when using the Precise Heading Test Set during a
calibration in service, a certain amount of confusion may be caused since the
rack mountings are not labelled. In WG 556 the amplifier marked F in pencil
(presumably forward) was pa:rt of No. 1 port system, and the amplifier marked

B in pencil (presumably back) was part of No. 2 starboard system. The haster
Indicators of the two systems are positioned with No. 2 starboard system to the
forward of the aircraft. It is recommended that the rack mountings be correctly
labelled in the same way that the ..aster Indicators and Control Units are marked.

8. The attention of A. & A.E.E. is drawn to the fact that the starboard
compass system in this aircraft apoears to ke unreliable during a swinc.
Evidence of this is provided by the high standard deviation of the swing

on the starboard system (:0.36 degrees) compared to that on the port systen
(10.09 degrees)., It might be worthwhile carrying out a swin¢ using No. 3
inverter to provide power for both systems. This will provide an indication
whether the fault lies in the compass system or in the power supplies,

from Director General, Weapons (Naval).
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Shackleton iiaxk 2 WG 556 - iiganetic Survev No, 1.

l. A visit was made to Boscombe Down on the 22nd September 1965 to complete
the magnetic survey of a Shackleton :k. 2, No, WG 556,

2, The port and starboard compass detector units were replaced by calibrated
survey compasses, and a 16-point swing carried out using a Watts Datum Compass
as a reference. The following coefficients in degrees were observed as being
caused by the aircraft structure:

Poxt Detector Unit Position Starboard Detector Unit Position
B - 0.02 C + 0,07 B + 0,21 C+ 0,22
D = 0,70 E + 0,52 D - 0,00 E - 0,26
Standard Deviation B-E 10.04 Standard Deviation B-E 10,03 .

Coefficients D and E at the port detector unit position are well outside
Av, P, 970 limits, and coefficient E at the starboard detector unit position
is marginally outside,

3. On examination of the detector unit positions it was found that:-

(a) At both detector unit positions, the bolt holding the clip on the
detector unit cable about 8" aft of the detector unit was made of magnetic
material,

(b) At the port detector unit position, the anchor nuts holding the
detector unit bracket and the airframe were very magnetic,

4, It is recommended that the firm ensure that the drawings call for non-
magnetic items in these positions, and also that the fimm's inspection depart-
ment ensure that only non-magnetic items are fitted,

5 It is essential that an aircraft with these items made of non-magneticmaterial .
is available for assessment as soon as possible, The aircraft No., WG 556

currently on assessment at A. & A.E.E. should be modified as soon as possible

so that the current trials programme is not prejudiced, Arrangements for

further surveys should be arranged through ri,0.A. (Nav. 1(b)) so that the work

can be fitted into the existing programme,

(J. HOWARD)
for Director General
Weapons (Naval)

3
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Shackleton jark 2 WG 556 - iagnetic Suxvey No, 2

l. A visit was made to Boscombe Down on the 20th October 1965 to carry out
a further swing of a Shackleton iik. 2 No. VG 556. The magnetic material
found on the previous survey (reported in letter CD/15/3029/65 dated lst
October, 1965) had been removed by A, & A.E.E, staff and non-magnetic items
fitted,

2, Both detector units were replaced by calibrated survey compasses and &
16~-point swing was carried out using a Watts Datum Compass as a reference,
The following coefficients in degrees due to the aircraft structure were
observed:-

Poxt Detector Unit Posjition Starboard Detector Unit Position
B + 0019 C + 0002 B + 1.63 C - 0042
D~ 0.24 E + 0.46 D - 0,09 E - 0,20
Standard Deviation B~E 10.04 Standard Deviation B-E 10.04

Coefficient E at both detector unit positions is outside Av. P. 970
limits, and coefficient D at the starboard detector unit position is marginally
within Av. P. 970 limits.

3. It is requested that this aircraft is made available for a further swing
at a convenient time in the current trials progranme. A search for magnetic
material will be carried out at the saie time, to see if the coefficients can
be brought within Av. P, 970 limits,

4, It is recommended that the firm ensure by careful inspection that Av, P.
970 requirements are met on production aircraft,

(R. W. WATSON)
for Director General Weapons(Naval)
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Shackleton Kk, 2 Phase 3 WG 556

Summary of Compass Swings

1. System No, 1

Date A B c D E 5
7 0ctober O =0,31 +0,01 =0.85 +0,32 0,17
21 October =0,02 =0,01 +0,29 =0,31 +0,23 0.14
22 November +0.04 =0427 +0.48 0,30 +0.09 0,16
22 Novaiber +0,18 =0,10 +0,56 =033 +0,07 0,19
22 Novenber +0,2L; =0,08 +0,65 =0,25 +0413 0,15

27 Novenmber 40,13 =0e21 +0,15 =0,55 +0,05 0,11
27 Novenber +0,32 =0,29 40,19 =0.25 +0.,27 0,10

27 Novamber +0,3k =0,25 +0,05 ~0,17 +0,29 0,06

System Ho. 2
A B c D o =
40633 ~0.05 =0,07 ~0.66 +0.14 0.24
+0.07 40,06 0 =0,39 +0.03 0.18
+0402 <:0,32 +062; =0.51 =0.02 0414
+0,20 =0,0L +0415 =0.41 +0419 0,16
+0,16 =0,10 +0,07 =0.L5 +0.12 0,17

0 +0.05 ~0.08 =042 +0,07 0,11

40,19 +0,08 =0413 =0,49 +0,12 0,11

+0475 =0.04 +0,25 =0,35 +0,20 0,08

Mean of last ‘
7 siings  +0418 =0.17 +0,3L =0,31 +0,16 0,13

+°o‘£6 ‘Oom‘ 00.07 -O.L'B +0.10 oo“l

13 October «0,10 +°.°5 -o-l&7 "'0023 1‘0.08 0.22

25 November +0401 «0,13 +0,20 =0,11 +0,26 0.253

.

-0003 +°o17 "oolﬂ '0031 +°o°3 °o17

0 40.05 +0,20 ~0,24 +0,23 0,27

Mem of alr .OQG —0.0l; -0013 -0017 +°'!7 o"?-j
swings .

——

=0.01 40,11 ~0,10 =0,27 +0.15 0,22

Magnetic Material

Near D,U.S5.

Both Systems No. 3
Inverter

No., 3 Inverter -

Windy day

Noe 3 Inverter -

Uindy day

No. 1 Syctem No. 1 Inverter
No. 2 System No. 2 Inverter
No. 1 System Hoe 1 Inverter
No. 2 Sy.tex No. 2 Inverter
Calm Doy

Noe. 1 8y-ten No. 1 Inverter
No, 2 System No. 2 Inverter
Calm Doy

Detectors tapped
continually

Lir swing = correction of
+0,70 tu No. 1 and=0,70
No., 2

Alr sgwing - ¢ rrection of
+0,70 to No, 1 and ~0,70
No. 2

2. From the results tebulsted above the folloving infoimation was exiricied:

(2) The 10 varietion ofthe B an’ C coofficients determined in the seven
ground swings about tlizir mecnc is
s 8%

¢
i 0.16

(b) The 10 variziion of tie correstonding D eni Tl coefficients about their
means is

s a® | 0.99°

3¢ In addition to the above, the aquares of the difference between the
deviations measured on each heading their individval means were
sumated to yield a 10 error of Z.8 ¢ = 0,25° in any indi-idual resiing.
N-12
This corresponds to a nrobeble erroroof 0.17° in the com>as8 reaiing at any
given tlme,
/ 10-- L)
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SERET
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4, Because the V,S.C. was re-set prior to each days work, comparison Letween

A coefficients could only be made between values found on the same day. For
these small samples, the 1 value of the variation between A coefficients was
found to be 0.11°, Because of the sinallness of the sample (4 x 3) no particular
importance-is attached to this figure except to note that it is roughly
comparable in magnitude to the variation in D and E coefficients and noticeably
less than, the variation in B and C values.

5, No significant difference was detected between the results obtained with
both -ystems running: from the same inverter and those found when separate
inverters were used,

6. Smaller probable errors were obtained in the Fourier analysis of results
obtained on a calm day than those found on a day of moderate wind, but there was
no significant lessening of the spread about the means.. The smallest probable
errors found during the swings were achieved by continual tapping of the
detector units during readings. The results of this swing were, however, no
closer to the mean than the results of several other swings and the probable
errors determined during Fourier analysis were completely misleading when
compared with the true differences from the means,

7. The air swings were accomplished by inserting a periscopic sextant mount

on a blanking plate affixed to the base of the astro-dome. As a result, the
readings obtained were affected to a certain extent by refraction caused by the
astro-dome. To provide room for the sextant operator's head it was necessary

to place the mount slightly off-centre to starboard, This offset had the effect
of increasing dome refraction effects-on fore and aft sextant observations.

Because the 13th of October swing was performed at approximately local noon this
caused the C coefficients to vary by about 0.5° from those expected from ground
results, The 25th of November results were obtained later in the day and with

the sun at a lower altitude, Under these conditions, dome refraction effects

were spread more equally between the B and C coefficients and are not so noticeable
in the results. Apart from the C coefficient discrepancy already mentioned, and
for a correction of +0,70° to the No, 1 and -0.70° to the No. 2 system for A
errors occasioned by wing flexure in flight, coefficients measured in the air
agree within the bounds of the variations outlined in para. 2 to those found on
the ground., This result indicates that the behaviour of the GM 7 system in the air
is very similar to its behaviour on the ground, and that swinging the compass
system on the ground and applying corrections of 0,70° to the No., 1 system and
=0.70° to the No. 2 system is an effective method of adjusting the compasses for
accurate performance in the air.

SECRET




Appendix VIII

Remote Corrector Unit Voltaces iieasured During Compass Swincs

l, Swing No,- No. 1 System No, 2 System
21 October B + 0,22 C + 0.07 B+ 1,73 C =~ 0.15
22 November - 1 B + 0.24 C + 0.06 B+ 1,73 C - 0,13
22 November - 2 B + 0,23 C -+ 0.05 B+ 1.72 C - 0.17
22 November - 3 B + 0.23 C + 0.05 B+ 1,72 C - 0.17
27 November - 1 B + 0,22 C + 0.03 B+ 1.71 C - C.l7
27 November - 2 B+ 0.22 C + 0,07 B+ 1,71 C - 0,15
27 November - 3 B + 0.21 C + 0.07 B+ 1.72 C - 0.13

2. These readings were made using the voltmeter of the Precise Heading Test
Set. As a result, the second decimal place could only be determined by
estimation, Every effort was made to ensure that the conditions under which the
meter was read and the estimation performmed were as similar as possible, but,
because of the coarseness of the P.H.T.S. scale, some parallax error amay still

have occurred,

it
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